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2 F. Daigne & R. Mochkovitch: Theoretical interpretation of the X-ray properties of GRB960720
so that the power-law relating W (E) and E is not repro-
duced in this spectral range.
3. Eect of a medium of uniform density
We now consider the eect of the ISM, whose density n
is supposed to be uniform. The external shock (forward
shock) produces the afterglow. Simultaneously a reverse
shock propagates into the wind. Its strength is comparable
to that of the internal shocks, which are midly relativis-
tic while the external shock is initially very strong and
relativistic. We therefore adopt the same assumptions to
compute the emission of the shocked material behind the
reverse and the internal shocks.
It is possible to derive a critical ratio of the total energy






















for which the reverse shock will interfere with the internal
shocks. Injecting the typical values used in our example
(Lorentz factor
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. Assuming an eÆciency f

for
the conversion of wind energy into gamma-rays by inter-











The total energy being xed, if the density is smaller than
the critical value, the reverse shock does not contribute in
gamma-rays and only produces a delayed X{ray emission
with an intensity which increases with n. If the density
reaches or exceeds the critical value, the X{ray and the
gamma-ray proles become very aected.




=n = 0:5 (n  0:15n
crit
). The gamma-ray prole
is unchanged and the X-ray proles are improved. The
corresponding E { W (E) diagram in gure 2 shows a
well reproduced power-law over the complete energy range
with an index  0:45 in agreement with the observations
of GRB 960720. In the spectrum the contribution of the
reverse shock to the late emission appears like a X{ray
plateau, which is observed (and is even more extended) in
GRB960720.
4. Conclusions
The reverse shock propagating into the wind following its
interaction with the ISM has been shown to produce, for
a suÆciently dense medium, a late X-ray emission. In the
case of GRB960720, whose gamma-ray properties are well
explained by internal shocks, taking into account this ad-
ditional contribution greatly improves the X-ray proles
(the power-law between the prole width and the energy
is reproduced) and the spectrum.
It is now important to study the case of more com-
plex environments. In hypernova models, the progenitor









 2000 km=s typically) leading









) near the source. Our
rst calculations show that in this case even the gamma-
ray prole could be strongly aected by the reverse shock,
which may represent a potential problem.
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Fig. 2. Results obtained for a ratio E
inj
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=4 erg=sr and f

= 0:05 it corresponds to
n = 4 cm
 3
. Left panel : Proles of the synthetic burst in the X{ and gamma{ray bands. The full line takes into
account the presence of the ISM whereas the dotted line only shows the contribution of the internal shocks. Middle
panel : Pulse width as a function of energy. The dotted line corresponds to W (E) / E
 0:45
. Right pannel : Burst
spectrum. The full line takes into account the ISM and the dashed line does not.
